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Introduction 33
The Mediterranean Sea is an enclosed miniature ocean, where the effects of global warming are 34 likely to appear earlier and more intensely than in other more open oceans (Coll et al., 2010 
es). 86
Hence, the main goal of this paper is to assess the effects of extraordinary episodes of high 87 temperatures on marine benthic invertebrates, using as example the 2015 heat wave on the MPA 88 of Tabarca. We provide data on the main affected species, the intensity of the impact and the 89 depth range affected, as well as the presence of Vibrio pathogens in marine invertebrates with 90 signs of tissue loss. Here, even though we cannot provide quantitative data for all species, we 91 confirm that the mortality signs observed during and after that summer are unusual and may 92 well be related to the impact of the heat suffered in July in this region. 93
94
Material and Methods 95 96
Study Area 97 98
This study was carried out during the summer and autumn of 2015 in the Marine Protected Area 99 of Tabarca (south-western Mediterranean Sea, Spain; Fig. 1 ). This MPA, created in 1986, was 100 the first in Spain (Ramos, 1985) and has been monitored since 2011 within the framework of the 101 Tropical Signals Program (Moschella, 2008) , whose aim is to evaluate the effects of 102 tropicalization of the Mediterranean Sea, as a consequence of climate warming, using reliable 103 representative biological macrodescriptors. This study has been conducted in the MPA because 104 this kind of environment is better suited for observing climate change effects than more 105 disturbed regions, where there is normally more interference from other factors such as 106 anthropogenic stressors (Otero et al., 2013) . Qualitative and quantitative data on invertebrate health status were acquired to assess the impact 133 of the summer 2015 heat wave. A list of 9 possible affected species was obtained, including 134 mainly sponges, corals and gorgonians that showed tissue necrosis or recent epibiosis (Table 1) . 135
The quantitative analysis was focused on the gorgonians Eunicella singularis and Leptogorgia 136 sarmentosa, the scleractinian corals Cladocora caespitosa and Oculina patagonica, and the 137 sponge Sarcotragus fasciculatus (= Ircina fasciculata), since these were the most abundant 138 species affected in the study area. Other species, such as scleractinian coral Phyllangia 139 mouchezii and Balophyllia europaea, the sponge Sarcotragus spinolosus and the bryozoan 140
Myriapoda truncate, were also observed during the sampling campaigns Four sites (S1-S4 in 141 (1.7-2.0) and unreliable identifications (<1.7), and the profiles of Vibrio isolates with matching 178 scores up to 2 with these reference strains were grouped into clusters 179 180
Results and discussion 181 182
Thermal anomalies 183
The mass mortality events observed in the Mediterranean Sea were likely triggered by two types 184 of thermal anomaly (Crisci et al., 2011) . The first type is characterized by short episodes (up to 185 5 days in duration) with mean seawater temperatures around 27 ºC and high intra-day 186 M A N U S C R I P T
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variability, while the second presents long periods (up to 40 days in duration) with a sea 187 temperature of up to 24 ºC and low intra-period variability. In the region of southeast Spain, 188 coastal waters underwent a significant warming event in the summer of 2015, staying at 24ºC 189 for over 80 days and the maximum temperature observed during this heat wave reached 190 28.23ºC. Compared with the preceding 9 years, the warming anomaly during July and August 191 was of 2ºC or more and persisted for approximately 6 weeks (Fig. 2) . 192
193
At 16 meters depth, seawater temperature was at 24ºC for 29 consecutive days and at 25m 194 temperature was above 24ºC at the beginning of September (Fig. 3) . hard-bottom bioengineering species belonging mainly to Class Anthozoa (Table 1) showed 215 signs of mortality in the depth range between 3 and 25m. Although our shallow temperature 216 data are too incomplete to draw any firm conclusions, together with data recorded at 25m depth 217 they indicate the mortality event observed in Tabarca was registered concomitantly with the 218 occurrence of temperatures higher than average. 219 
224
At 3 meters depth, S. fasciculatus was affected by the rise in seawater temperature in summer 225 2015, the first record of disease signs was noted at the beginning of July and by the end of 226
September more than 40% of the population (Table 1) was partially affected by tissue lesions, 227 evident from the disappearing ectosome and the spongine skeleton becoming visible (Fig. 4a) . 228 
mouchezii. 240 241
Among the shallow scleractinian corals present in the MPA, the endemic C. caespitosa (Fig. 4b)  242 was the shallow species most affected by the mortality event, resulting in the total or partial 243 death of almost 50% of its population (Table 1) (Table 1) . 248 
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At 25 meters depth, the most affected species were the gorgonians E. singularis and L. 264 sarmentosa (Table 1) . These two species displayed a 4 to 8-fold increase in affected colonies 265 compared to previous years (Table 2) , which is an excellent descriptor to quantify the impact of 266 the mass mortality event in Tabarca MPA. Both species firstly showed tissue necrosis that 267 resulted in denuded axes, and finally at the end of September and early October their axes began 268 to show epibiosis (Fig. 4d and 4e) 
279
Two specimens of the scleractinian coral Phyllangia mouchezii also showed tissue loss during 280 the heat wave (Fig. 6f ), but this species was rare at the sampling sites (n=3) and data was 281 insufficient to determine the degree of injury in this species as a consequence of heat stress. observed in previous studies that showed Vibrio spp. abundance in seawater was higher during 313 warmer months (Vezzulli et al., 2010) . Vibrio counts in invertebrate samples collected during 314 the studied mortality event were higher in specimens that showed tissue lesions in all species, 315 but abundances were significantly higher in E. singularis, S. fasciculatus, O. patagonica and C. 316 caespitosa (ANOVA, p<0.005), with a 5 to 15-fold increase in affected colonies compared toM A N U S C R I P T
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14 specimens that did not show signs of disease (Fig. 5) . Therefore, the increase in Vibrio numbers 318 appears to be correlated with the health status of the benthic invertebrates studied in this work. 319
It is therefore likely that these bacteria were involved as etiological agent in the mortality event 320 observed in the Tabarca MPA during summer 2015. In fact, among the 100 selected Vibrio 321 isolates analyzed by MALDI-TOF, 11 isolates from diseased specimens of E. singularis, S. 322 fasciculatus and O. patagonica showed high similarities with V. mediterranei, with scores 323 ranging from 2 to 2.4 (Fig. 6 and Table 3 ). The identification of the majority of the isolates as V. 324 mediterranei is in accordance with the type strain AK-1 of the species being previously 325 identified as the causative agent of mass bleaching events in O. patagonica (Kushmaro et al., 326 1997) . Another 4 strains were also thus related to the coral pathogen V. coralliilyticus, although 327 all were isolated from apparently healthy organisms (Table 3) . 328 This mortality event coincided with an abnormal rise in seawater temperature in the region.
Opportunistic Vibrio pathogens were detected in invertebrates tissue lesions.
